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Beam Dynamics/Diagnostics

• Observation and simulation of a fourth-order 
resonance with space charge – G. Franchetti
• Tune-based Halo Diagnostics – P. Cameron
• Optical Stochastic Cooling of Halo – V. 
Yakimenko
• AC Dipole – M. Bai
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Kinds of Tune-based Tools
• Tools to Diagnose Halo-forming conditions

Tools to Avoid Halo formation
• Tools to Diagnose existing Halo

• can we see Halo with tune measurements?
• what are the signatures?

• Tools to Remove Halo
• Gap cleaning
• Halo cooling
• ???
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‘Applicable’ Mechanisms

Tune related halo formation mechanisms

fast• Mismatch
• Resonances
• e-cloud effects
• Instabilities
• Beam-beam
• Tune modulation slow
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Resonances

What drives beam onto Resonances?
• Tune 
• Space Charge
• Chromaticity (tune spread)
• Non-linearities
• Coupling
• ??? 
Islands



Montauk May 03 8

Schottky Coherence

At store, beams in collision. Double revolution line, 
coherence not centered in schottky spectrum

Hoffman – space charge/coherence distortion of line shape
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Island at 2/9 in RHIC?

• Mismatch
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Basic idea
Stochastic Cooling Optical Stochastic Cooling
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λ~ 12 µm => power limited cooling time
τ~1 hr with 16 W; bandwidth limited   τ~9 sec!
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In practice In practice time is amplifier limited
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Halo Cooling Conclusions

• Optical parametric amplifiers with wide bandwidth 
operating in the infrared region (10-20 µm) open up 
possibility of cooling heavy ions at RHIC.  

• For one hour cooling time at RHIC this requires 16 W of 
amplifier power

• Cooling can be applied to the tails  by adjusting timing of 
the pump laser. Cooling time would be seconds due to 
small number of ions in the sample

• Optical manipulations of beams is an emerging 
technology which will keep progressing along with the 
laser and accelerator technology
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“AC Dipole” – M. Bai

• Developed as a tool for spin manipulation
• Adiabatic excitation (and de-excitation) permits large 
amplitude coherent oscillations without emittance growth
• Uses include:

• spin flipper
• lattice measurements (beta fcns,…)
• coupling
• gap cleaning (longitudinal halo)
• amplitude dependent tune shift, machine impedance
• transverse halo measurements?
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Coherent oscillation excited by the RHIC ac dipole
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